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INTRODUCTION 
In January 1979, an in-depth investigation of the 
unstable bridge-ap proach embankment, Figure 1, on us 68 over 
the Licking River i n  the north centr a l  
County ( 1'1 P 91-68- B0027) was begun by 
portion o f  Nicholas 
the Division of 
Research. This i nvestiga tion was a continuation of a 
project initiated b y  the D ivision of Ma terials in 1967. 
This site is a pp roximatel y  0.3 miles (0.5 .km) north of Stony 
Creek Road and approximately 7. 5 miles ( 12.0 kill) north of 
Carl is le a nd 0 .8 mi les (1.� km) southwest of Blue Licks 
B attlefield State Park. The bridge is a three-span, 
continuous ,  welded plate girder structure with span l engths 
o f  160, 2004 and 160 feet (48.8, 61.0, and 48.8 m) a t  a 0 
degree skew. The bridge is a l igned at north 47 degrees 
east. The p ier foundations are spread footings on rock; the 
a butments utilize 12 point-bearing (53 steel-type) piles. 
The roa dway emerges from a cut of a pp roximately 20 to 40 
feet (6.1 to 12.2 m} near Stations 211 + 5 0  and 221 • 00 on 
the right and left, respectively. The nearby b ridge 
a pproach embankment rests partly on a bench of l imestone and 
partly on an a l luvium r iver bank. Maximum height of the 
embankment is about 100 feet ( 30.5 m) . 
Relocation o f  us 68 began in ear l y  1967. Subsidence 
occurred near S tiition 226 + 5 0, o pposite the embankment 
currently under investig ation. The subsidence was corrected 
by a dding a berm a t  the 603. 5-foot (183. 9-m )  elevation. 
Construction was resumed when subsidence a ppeared to have 
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c e ased. The bri d g e  wa s c o mpl e t e d  i n  1969. I n  De cember 
1975, mo 11emen t  o f  the west abutme nt a n d  a p p ro a c h  embankment 
r e qu ir e d  exten s i v e  patc h i ng o f  t h e  p aveme nt a n d  repai r of 
t he gu a r d r a i l  near t he a butme n t  ( Fi gures 2 and 3) . On the 
basis o f  d isplaced gua r dra il, the u ns table emba n kme n t  
e xt e n de d  fro m a p p r o ximate l y  S t at i o n  220 + 00 to t he bridge. 
Thi s i n format i o n  was useful in es tablishi n 9  the 
c on fi9u ratio n of a p ossible deep failure s u r face. Movement 
o f  t he brid ge abut ment h as a l s o  been e videnc e d  by a n  extreme 
t i l t  o f  rocker ants a nd jammi ng of the bridge girders 
a g a i ns t  the conc r e te abu tme nt ;  t h i s  is sh o wn i n  F i g u r e  3. 
F igure 4 s ho ws bre ak u p  o f  one o f  t h e  e xp a n si o n  dams o n  the 
west a bu t ment. This was a ddi t ion al e v i dence t ha t  the 
abu tme n t  was mo vi n g  to war d t he r i v e r  beca u se roc ker a r ms on 
t o p  o f  both pie r s  we re sti l l  v e rt ic a l .  V o i d s  a nd c r a c ks are 
shown i n  Fi gure 5 a l ong t he fr o nt o f  t he soi 1-abut ment 
i nte rfa c e .  T!tese op enings wer e  a s  large a s  2 t o  3 feet (0.6 
to 0 .9 m) deep a nd 3 fe e t  (0. 9  m) wile. This suggested t he 
p re sence o f  a sha l lo w  s l ide de ve lo pi ng d i rectly i n  front of 
a bu tment. 
Be cau se t he e mba n kmen t  pa r t i s l l y  re sts again s t  a 
h i l l s i d e ,  seepa ge a l o ng th e o r i g i nal foun da t i o n  may have 
r a i sed t he w a ter t ab le i nt o  the fil l, lowered the fac t o r  o f  
safety, a nd caus e d  t he moveme nt s. Erosion o f  t h e  t o e  o f  the 
e mbankme n t  may h a v e  c o ntribu t e d  t o  p r esent movements. 
Upst r e am from the br i d ge ,  t he lowe r end o f  a c o nc Le te- l i ned 
d i t c h  c o l l a p se d  bec a use sup p or t i ng soi l  e r o ded. D o wnstream 
fro m  t he bridge, e ddy c ur re nt s  a p pa r e nt l y  c a u s e d  the deep 
cuts shown in Figu.re 6. Tne effects of erosion and a· high 
water tab le may have been aggravated by a r ise in the normal 
backwater curve due to debris piled �p in front of the old 
OS-68 bridge downstr eam from the present bridge (Figure 7. ) 
TOPOGRAPHY �ND GEJLOGY 
The site lies in the outer B l uegrass physiographic 
region of Kentuck y (Figure 8), genera l ly a l ow-l ying or low­
relief area with rolling hi lls. Formations of the Inner 
B luegrass outcrop briefly at the Licking River. The Knobs 
lie to th e east. 1' igur:e 9 gives a stratigraphic section of 
the geology crossed by OS 68 in the vicinity of the Licking 
Rivert. Recent al luvium covers the por:tion of the site near 
the Licking River while the road way is located in an area 
over laid in part by ordovician ro cks, which include the 
Clays Fer ry and several members of the L exington Limestone 
Formations. The Cl ays F erry Formation is composed of about 
50 percent limestone and has a high shale and clay content 
which can cause instability on steep slopes. The Lexington 
Limestone Fo.rmatior. inc ludes the Tanglewood, Millers burg, 
and Grier Limestone Members. Tongues of the Clays Ferry 
Formation of intervals of as much as 10 feet (3. 0 m) are 
found bet ween the Mille rsburg and Grier Limestone Members. 
Members of the Lexington 
70 percent {Mil lersburg) 
Limestone Formation var y  between 
to 90 percent (Tanglewood) dark 
gray , fine crystalline, hard limestone. These mambers are 
irregu larly imbedded with 1 0  to 1 5  percent dark gray shale. 
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The uns t a ble por t i o n  o f  t he west e mban kmen t  rests p ar t ly o n  
a limes t o ne -s h a l e  be nch a nd p artly o n  a river ba n k  composed 
o f  alluvium. 
FIELD INVESTIGATION 
S u bsu r fa ce explora t i on on t h e  we st approach embankment 
beg an wit h o ne bor i ng in la te 1966 at cente rl i ne at Stat i on 
221 + 60. T wo Shelby t u be samples we re obt aine d for: 
c l ass i f ic ati o n  pu r p oses an d soil str engt h det e r m i nations. 
These s a mp les were obta ined i n  accordance wit h  the method 
for th i n- wa l l e d  s amp lin g of s o i ls, A S TM Design a t i o n: 01587. 
T hr e e  bor i ngs wer e  made by Di vision o f  M a ter i a ls i n  Apr i l  
1976. T he l ocat ion of t he se a n d  subsequent bor i ngs t o  be 
discussed are sh o wn in F ig u r e  10. The f i rst three bor i ngs 
we re : 
flo le No. 1 - 33 fee t ( 1 0 m)  l e f t  o f  c e nt er l i ne a t  
station 221 + 43 
H o le No. 2 - 98 fee t  (30 m) l e f t  o f  c�e n t e r l i ne at 
St a t i o n  221 + 43 
H o le No. 3 - o n  t h e  cente�:li n e  at sta tion 222 + 46 
A t ot a l  o f  15 t hin-wal l e d  t llbe samp les we re taken from 
H o l e s  and 2. Rocky soi ls at H o l e  3 prevented sampling 
wit h  She lby t 11bes . Slop e i nc l i nome t e r:  cas i n 9s were 
i n s t a l l e d  at e ach hole to det e rm i ne rates and di recti ons of 
movement a n d t he loca t i ons of any sh e ar zones. Data f r om·  
t he s e  h ol es s howed that t he embankmen t  was movi ng to ward the 
r iver i n  a northerly direc t i on .  Consequently, a slope 
i nc l i n o me t e r  casi n g  was i nstalle d  along ttis direction of 
movement in September 1977. This well was placed 108 feet 
(33 m) l e ft of centerline at Station 222 + 27 or about 45 
degrees skewed to the left of the centerline from Hole No. 1 
while facing east. Four split-spoon samples were obtained 
from Hol e 4 by the Division of l'laterials. Cores. were 
geologically logged. cross sections of the abutment 
embankment were taken to establish the existing groundline 
through holes along the centerline (Holes 1 and J), holes 
perpendicular to the centerline {Holes 1 and 2), and holes 
skewed in a northerly direction from the ce nterline (Holes 1 
and 4). 
Table 1 gives the maximum and 
elevations observed in Holes 1, 2, 
gives the water-ta b le elevation as 
average water table 
3, and 4 .  Figure 11 
a fun ctio n of elapsed 
time in days. Results for Holes 1, 2, 
in Figure 12A. Results for Hole 
and 4 are presented 
J and subsurface 
explorations prior to construction are presented in Figure 
12B. Attempts to obtain tube samples were un successful at 
Hole 3 because of rocky soil. However, samples were 
successfully obtained from Holes 1 and 2 for classification 
purposes and strength determinations. 
Slope inclinometer results for the four holes a.re shown 
in Figures 13, 14, 15, and 16. Resultant horizontal 
movements and dial changes are plot.ted as a fu nction of 
depth. Horizontal movement parallel to ce nte rline and 
toward the L icking River is shown in Figure 1Ja.. �ovement­
time curves ar e given for all four hbJ:es in F-igures 13 
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thro ugh 16. Rel ative mag n i t u d es of the se moveme nt s  are 
shown in F ig ure 10. Role 4 i n di cates less m?v eme n t  because 
it was in s t alled 16 mon t hs late r. Table 2 i s  a s u mmary. A 
maximum rate of mo v e ment of o. 056 inches ( 1 . 11 mm) per mon t h  
was f ou n d  for t he peri o d  bet ween A u gust 1 977 and A ug ust 
1978. This r at e  of move me n t  has re mai n e d  co n s t a nt throu gh 
t he 0.125 i n c he s  (3. 2  mm) per A ug ust 1979 a n d  i s  l ess t han 
m.o n t h  rec orded i n  Apri l  1976. 
From May 1976 thro u gh Septe mber 1977, read i n gs wer:e 
2, and 3 us i n g  t he D i g i t i l t  Indicator 
M achin e ,  M o d e l  50301. on S ept ember: 20, 1977, rea d i n g s  wer:e 
t aken u s i ng a Mag-Tape D igit i l t ,  Model 5030�, an d compared 
wit h t hose o bt a i n e d  .bef o re us ing M ode l 50101. The Digiti lt 
M a,q-Tape, Hodel 503 08, was used there a f t er. In October 
1977, t h e  Di vision o f  M a t erials discovere d  e rrors when d a ta 
from , bot h machine s  were combi n e d. Those e rrors were 
alt ribute d  t o  differe n ce s  i n  t he orie ntat ion of the 
acceleromet ers i n  the probes. A lso, data o btai n e d  from H o l e  
3 with t he M ode l 50301 inc l inome ter were discard e d  because 
e xcessi v e  s ett l e men t occ urred i n  the bac k fi l l  durin g the 
i n i ti a l  re a d i n g s .  Therefore, only d a t a  obt aine d wit h  t he 
M·odel .50308 were con s idered o n  H o le 3. Hol e 1 also 
pr e v ious t o  u n d ·erwen t s ome s u bs idenc e ,  but re adi n gs 
September 1977 were reta i ne d  because t .b.ey c los e l y  reseml)led 
dAta from the n e w  Mag-Tape mac hin e .  Readin g s  previ o us t o  
S eptember 1977 were also re t a i n e d  for H o l e  2. � final set 
of reading s  were t a ken o n  H o les 1 a n d  2 wit h  the M odel.  50301 
in Febr llar y  1979 an d c o mbi ne d  w i t h  r e a d i n g s  t a ken before 
S e ptember 1977. Rea d ings t a ken d u r i n g  t h i s  p er i o d wit h the 
Mode l 5 0108 sh owed a cons t a n t  r 'ite o f  move mefrt . 
Con sequ ent ly, r ea di n g s t ak en w i t h  t he Mode l  50301 
i nc linome t er h a v e  been r e po r t e d  bec a u s e  t h e y  spanned a 
l on ger ohserv,ltion period. All in cl inome tec r e,>dings for 
H ol e  4 wer e obta i ned u s i ng t he Model 503 08. 
LA BORA TORY INVESTIGATION 
S o i l  samples ext r u d e d fr om S h elby tubes obta ined ir• 1967 
and 1 976 were cut into �- inch (100-mm) l engths and 
i dentifi e d  accor d i n g  to the vis u a l- ma n u a l  proce d u r e  {ASTM 
D es i gnat i on: D 2�88). 1\. t abl lat ion of s oi l  i ndex 
proper t ies is pr es ented i n  Table 3. F o u r  r e la t i vely 
u nd i st u rbed soil sa mp l e s  were obt a i n e d  in 19 67. Tri ax i al 
consol idate d -llnar a ined {CU) t e s t  r e s u lts a r e  p r e s e n t e d  in 
F i g ure 17 . Because t ime-def lect ion d a ta wer e  not recor de d  
d u r ing t he t r ia x i a l  test per formed i n  19 67, re s u lts of t h e  
var iat i on o f  pore press u r e  a n d  d e v i a t or s t r ess as a f u n c t ion 
o f  ord i nar y str a i n  (in pe rcen� cou ld n ot be pres e nted . 
Eleven r e l a t i ve l y  u n disturbed 
from H oles 1 a nd 2 in 1976; 
s he ar t e s t s  wer e  per formed 
c onsoli d a te d -u n d r a in e d  d irect 
s oi l  samp l es wer e  obt ained 
consoli d a t e d -u nd r a i n e d  d i rect 
on t h e se 
shea r test 
sa mples . The 
bet ween t he con soli da t e d-dr a i n e d  a n d  t h e  
is s omet hi n g  
con soli d a ted-
undr ained t r iaxial t e s t s .  T h e se tes t s  were r u n to 
i nve s t i g a t e  the r es idu a l  s he a r  strength c ha r ac teri sti cs of 
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t he emba n k me n t  s o ils. Res u l t s  of t he dire c t  s h e ar t e s t s  are 
g iven in F i g ures 18, 19, 2 0 ,  a n d 21. T a ble 4 s u mmarizes 
s h e a r  s t re n gt h  propert ies as d etermi ned f ro m  l abora t ory 
tests p erf o rmed o n  samples extru de d  f rom Shelby tubes and 
from e mpi ric a l  re l a t ions hi p s ". Table 5 s u ramarizes e s timates 
o f  s he a r  st ren g t h  f rom s t an d a rd pen e t ra t i o n d a t a  us i n g  De 
�e l l a's M ethod•. 
Based o n  bo ri ngs a n d  l abora t o ry tests ,  the emba n k men t 
s o i l  con sis ts o f  dry , d ark gra y c l ay s  conta ining 
c o nside rable amo unts o f  s i l t  mixed w i t h  s h a le roc k. T h e se 
s o i ls classify as c l ay , C L, an d A.-6 (1) through A- 6 ( 19) and 
are lo w to moderat el y p l asti c .  Emb a n kme nt so ils a bo v e  t he 
580- foot (177-m) e l evat i o n c on t a in be t ween 34 and Q1 p ercent 
s i l t  and 48 a n d  55 perc e n t  c la y  with t rac e s  of fine s a n d  o f  
a bo u t  2 p e rcen t .  So ils belo w  t h e  5RO-foo t  (177-m) e le va ti on 
c on t ai n  a p preciable a mo u n ts o f  silt b u t  s t i l l  p l o t  above t he 
A-l ine o f  liquid l imit-pl a s t i c i t y  cha rt .  The se so i l s  h a ve 
t h e  text u ra l  c l as s i fi c a t i o n s  o f  silt y 
loa m  a n d  a re l o cated i n  
F o u n dation mat e rial from 
tl:)e vic i n it y  
H o le 4 
c l a y  a n d  
o f  Holes 
c o n t a i n s  
s i lty c lay 
2 a n d  4. 
s ubst an t i al 
quan ti t ie s  o f  fine s and (23 perc en t) w it h  traces o f  c o ars e 
san d (2 p erc ent ) .  Nat ura l  wa te r c on t e n t s  o f  a l l  14 s o i l  
s a m p le s  w as aro u n d  2 0  percen t .  The l i qu id l imit a n d  
p l a s ti c it y  indic e s  ran g e d from 3 5  to 4 0  p e rcent a n d  14 to 20 
percen t ,  res pect ively. 
STABILITY ll.NlLYSIS 
. ' " ' '  
Figur es 13, 14, 15, and 16 s ugge st the presence of bot h  
c ir cular and wedge shaped shear failures. Three cross 
sections were analyzed: 1) perp endicular, 2) parallel, and 
.�) abo ut 45 degr ees skew t o  centerline. F ail u r e  c i r c l es 
were found in each using ICES Lease Wed]es were 
i n v est i g ated usin g the SWASE program5• The water table 
rep resen ting normal conditions was defined using the highest 
observed water le ve ls i n  Holes 1, 2, 3, and 4. ·These 
ele v at i o n s  a r e  gi v en in Table 1. Normal pool e le vat ion of 
Lic ki n g  R i ver was t a ken to be 567 feet (171 rn). This is 7 
f eet (2 m) higher than no rma l p·:>ol el evat ion of 560 feet 
(171 m) observed in 1 9 6 7 .  Flood stage wa.:> taken t.o be 602 
feet (183 m); that is 1 foot. (0. 3 m) <lbov>' highwater 
e l e v atio n  o f  the 196� flood. 
CIRCULAR FAILURE MODES 
The three sections shown in F i gures 22, 23, and 24 we re 
analyzed i n  terms of a long-term effective stress. Pes�lts 
are summarized i n  Ta tl es 6, 7, and 0. The effective a n g le 
of internal frict ion , 0', was 23 degrees, wnich was o ota i ned 
from the triaxia l tests performed in 1'lG7. The "'ffect i ve 
coh esi on, c', was set t o  ze ro. Sev eral grid searches were 
performed to find the failare circles. The circles which 
best e xp l a ined t h e  slope indicator data are shown in·Pigures 
22, 23, and 24. In-place 
found for each ciccle by 
yield a f act o r  o f  sa fet.y of 
(hacked- i n) v alues of W' were 
determini ng the �· which would 
one .. Th e in-p l a ce v�lucs of �· 
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were averag ed for e a ch s e c t i on .  T he s ma l lest in- p lace 
a verage v a lu e  was 23 deg ree s. 
Using the crit ic al c ircl e s  g i ven in Fi g ures 22 , 21, and 
24, s e ve ra l  berm co nfi g urat i o n s  were i nvest i g a t e d  wit h and 
w i t h out t he rap id d rawdown. Rapid drawd o wn was from t he 
602-foo t  (183-m) ele va t i on. Tables 6, 7, an d 8 summarize 
the res ults from t hese a nalyses a n d  i nc l ude re sul t s  for t he 
exi s t i n g s lope •Je o me t q (that is,  w it h out berms) and highest 
o bs er v ed water t a bl e  el ev�t i ons. The most critical s e c t i on 
for a circular-type fai l ure w a s  t he left -of- cen t er l i n e  cross 
s ec t ion s hown i n  Figure 22. Those s tabilities are 
s ummarized i n  Table 6. Circ l e  fit s t h e  sl o p e  i n d i c at or 
dat a o f  Holes 1 an d 2 extremely w e l l .  I t  a l so expl a in s  much 
of t h e  observed d is p l ac e me nt of g ua rdrail n e a r  th e bri d ge 
abutment. A berm with a 2:1 s l o p e  beg inn i n g  a t  the 635-foot 
(194-m) elevation w ou l d  g i ve a f ac t o r  of s afet y of 1.381; 
t h is r educes to 1.257 wit h  rap id drawdown. Th is berm wo uld 
have two 20-foot {6-m) ben c hes a t  t he 635- and 615 -foot 
(194- and 187-m) el evat io n s .  The effec t  of x:api d dx:�wdown 
is much l e ss if a berm w i t h  a 3: 1 s l ope is extended fx:om a 
20-foot (6-m) bench at t he 635-foot ( 1'l'l-m) eleva t ion. Th is 
woul d gi v e  a factor of safet y of 1. 52; whi c h  x:educes to 
1,398 under c o ndi t ions of rapid d�awdown, �l l berms 
disc!lssecl here i n  a re assumed t o  be fx:ee dra i n i ng and 
comp osed of material havi n g  a minimum angle of internal 
f ri c ti on of 30 degrees. 
The c r it ical ci rcl es f o r  t he c ro ss s e c to n  p arallel to 
t he cent e r l i ne a re sho w n  i n  Fig u re 23 a l o ng wi ta po ssi ble 
berm con f i g u ra t i o ns. The s e  ci rcl es s eem to e xpl ain t he 
slo p e  i nc l inomet er movements a t  Holes 1 a nd 3. Ho wever, 
F i g u re 10 snows t �at H o l es 1 a nd 3 are not m o vi n g  p a r a llel 
to t he cen terline, but movement is s k e wed in a nort he rly 
di rec t i on .  Tho retaini ng-wa ll ef fe c t  o f  Pier 1 pro babl y 
p 1:event s or f o i:est a lls a m a jo r  sl ide al o ng the ea sterly 
d i rectio n. However, t h i s  e ffect c o u l d  n o t  be accou nted f o r  
i n  t he ICES teas e p r o gram. Ther ef ore, the resul t s  g i ven in 
T a ble 7 a re on t he low side o f  a ra nge of p o ssi bl e  saf e t y  
f act.ors. 'I he t oe ci rc l e  i n  Fig u re 23 (Ci rcle 1 ) h as the 
l o west f a cto r o f  saf e t y, 0.  86 1. bec a u s e  a s u bst a nt ia l  
p o L·t io n o f  the ci r:c l e  i s  below t he water: table .  Ho wever, 
f i e ld i nspections ha ve re veal ed n o  evidence of t e nsion 
c racks or: a1oy ot h er: s i g ns of movement at the toe. 
a ppa ren t l y  has p revent ed t h is c ircle f ro m  d e ve l op ing . 
Pie r 1 
C i r cl e  2 seems t o  e xpl a i n  t he g u a rdra i l  a nd slope 
i nc l i n o m e ter mo vem ent fairly wel l .  Fi gure 23 shows only t he 
!\-axis mo vem ent ( p a r al l el t o  centerli ne) f o r  Hol e  1. In 
F i gure 23, t he s h e ar zone f o und bel o w  Hole 3, n e a r  the wa t e r  
t a bl e, i s  probably a ss oc ia ted wi t h  a wed ge rat. h e r  t ha n  a 
c i rc ul a r sl ide beca u s e  t hi s  slo pe i nc l i nometer data 
c o r rel a t e  bet ter wi t h  t h e  mo vement s s l ig h t l y  a bove the wat e r  
t able a t  Ho le 1. In addi t io n ,  becau se Ho l e  1 is locat ed 33 
f eet (10 m) to t he left o f  c enterl i n e  wh i l e  f a ci n g  eas t ,  
move m e n t s  near t he top o f  H o l e  1 ma y not be rel a te d  t o  t h o se 
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a t  Elole 3. Field inspections of the toe of the slap e did 
not confirm existence of Circle 2. Expansion shoes on Pier 
1 were not tilted, and evidence of soil "flow" around the 
base of the pier was not found. 
A shallow failure surface similar to Circle 3 may exist 
along the centerline slope 
circle would explain the 
b ehind both sides of the 
as shown in F igure 
displaced guardrail 
abutment and the 
23. This 
immediately 
depressions 
between the abutment and soil directly in front of the 
bridge .  This circle may also ex plain some of the movement 
near the top of Elole 1. 
Table 7 shows that Berm s 1 and 2 improve the stability 
of Circle 3 from a factor of safety of 0. 8 97 to 1.419. In 
contra st, the stability of Circles 1 and 2 improves only 
slightly. The Licking River limits the amount of berm 
material which can b e  placed t o  resist movements of Circles 
1 and 2. However, t hese circles appear to be stable because 
of the retaining-wall effect o f  Pier 1. 
The critical circles for the cross section taken skew to 
the centerline are shown in Figure 2 4  
berm configurations. This cross 
along with suggested 
section approximately 
parallels the directions of slope inclinome ter movement 
given in Figure 1 0. Of the critical circles found on this 
cross section, only the toe circle (Circle 1) had a factor 
of safety less than 1.0. 
p ortion of Circle 1 lies 
This is beca,Jse 
below the water 
a substantial 
table. The 
location of the water table as it inter sects the original 
gro und l i n e  near the toe w a s  confirme d  i n  a recent field 
i n s p ecti o n  {Apr i l  1979). The scarp at the toe of this 
section (Figure 6) a ctu a lly may b e  due to f a i l u r e  of seve r a l  
s ma l l  s luff circ l e s  simi lar t o  Circle 1 i n stea d o f  ero sion, 
a s  p revio usly s u ggested. Tabl e  8 shows that small increases 
i n  s t ab ility wil l resu lt with the addition of B erms 1 or 2. 
H o w eve r, this e sca.rp,ment a r ea sho u ld be fi l led with r o ck as 
s o o n  a s  p o s s ible t o  prevent further e rosion. 
Additional f a i lu r e  circles may b e  pre sent as shown in 
F igure 24. Circle 2 may exist beca use H ole 4 i s  m oving 
directly toward th e r iver, 
Ther efore, the i n cr ease in the 
t o  1 . 286 due t o  the a ddition 
desirable. 
as s hown in F igure 10. 
factor of safety from 1.056 
of Berms 1 o r  2 is very 
Circles 3 and 4 are r e latively shal l ow and have factors 
o f  safety greater than one . Table 8 shows that only the 
stabil ity at Cir c l e  4 w o uld be im proved with the addit ion of 
Berms 1 o r  2. In contra st, the stabi l ity o f  circle J i s  not 
affected. I n  a ny case, field i n sp e ctio n s  have revea l ed no 
evi den c e  that these c i rcles exi st. However, while the 
addition of Berm 3 greatly improves the s tabil ity of c i r cle 
3 ,  Tab le B shows a reductio n i n  the stabi l ity of a ll other 
critical c i rcles, in pa.rticu lar, C i rc l e  1. U n le s s  definite 
fie ld evidence is fo un d for the ex i st e nce of Circle 3, o n ly 
B erms 1 o r  2 should be u sed. 
CORRECTIVE MEAS U RES FOR CIRC ULAR MODES OF .FUL URE 
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Figure 25 summarizes the measures proposed for 
correct in g  the possible circular modes of fa ilure. The 
cross section left. of centerline is t h e  most critical. If 
right-of-way limitat ions pe�:mi t, a. berm wit h  a 20-foot (6-m) 
bench and a 3: 1 slope should be nuilt from the original 
635-foot (194-m) groundline elevat ion of the left cross 
section. In addit ion, a berm with a bench of appro xim at ely 
40 feet ( 12 m) and h aving a 1. 5:1 slope should be built from 
the 615-foot {18 7 m) elevation along the embankment of the 
Licking River. Efforts should he m ade t o  ex tend this berm 
as f ar past the river bank a s  possible. 
WEDGE FAILURE MODES 
over 70 wedge configurations were analyzed searching for 
t he critical configurations for the t hree cross sec tions 
shown in F igures 26, 27, and 28 . The effective angles of 
f ri ction along the f ailure surfaces were 23 and 16 degrees. 
The angle of friction wit hi n  each wedge wa s a ssumed to be 23 
degrees. Backed-in values of liJ' were calculated from these 
results and are t abul at e d  on F igures 26, 2 7, and 2 8 .  For 
sim plicity, the e mb ankmen t soils were assumed to h a ve 
unif01:: m unit 
kgjm3) • Each 
weight s of 125 pounds per cubic foot ( 2, 002 
cross section was assumed to be infinitely 
wide. Because this last assum ption i s  not. valid, especia lly 
in the case of t he skewed sec tion shown in Figure 26, the 
critical wedge was not select e d  on t he bas is of the l owest 
factor of safety hut according to the failure surface wbich 
best corre l a te d  wi th s lope i nc li n omete r moveme n t s  a n d  
o bserv e d  quardr:ai l  dis pl aceme n t .  Thi s was best e xpl a i n e d  by 
Wedge 6 o f  Figure 28. A n g l es o f  21.5 a n d  8. 5 de•Jrees with 
the horizontal f or t he two p l a n es o f  s l idin g  o f  Wedge 6 were 
use d. A l ength o f  18�. 7 f e e t  (56. 3 m) was use d  for: t he top 
s l i ding sur:face. The s lope of the gr:oun dline was 
appr:ox i ma t e l y  20. 5 degr:e e s .  The pore pre s s ure parameter, 
r:u, was s e t  equal t o  0. 0 5  t o  a ppro xi mate t he e ffect o f  the 
wa te r: t able a t  the hig hest observed we l l  ele va tions .  A 
f ri c t i o n  a n g le o f  1 6  degree.s was ass u m ed; 
s quar:e foot (0 k gjm3) wa s a s sume d for: 
zer:o pounds per: 
cohesion. The 
i nt e rn a l  f riction w as o btained f r:om consol i dated-undr:ain ed 
direct she ar tes t s  and use d  as the res i dua l  v a l ue o f  �·. 
Whe n pl a ne-s tr:ain c ondi tions a r:e a s s umed, Wedge 6 has a 
f a c t or o f  s a fe t y  
Wedg e 6 a s  a 
o bt a ine d. 
of 1. 1 70 .  Whe n ICES 
c irc le, a f actor of 
Lea se4 approxi m at e d  
s a f ety o f  1 . 15 was 
The s k e we d  c ro ss s ect i on i n  F i g u r:e 28 lie s on the 
i n t ersec t i n g  edge o f  the cross sect ions i n  F ig ures 26 and 
27. The s ect i o n  properties change s i g n i fi can t l y  in t he 
direct i o n  perpe n di c ul a r  t o  the plane o f  F i g ure 2 8. 
c o n s equen t l y, t o o  m uch erro r res ults in t he a s s umption o f  a 
pl a n e-stra in s itua ti on . I n stea d  of a s s u m i n g  pla n e -stra i n ,  
wei g ht s  o f  the s l iding blo c k  a bo v e  e a ch f a ilure pl ane were 
u s e d. In a ddi t i o n ,  becau s e  the us e o f  berms t o  inc re ase 
s t a bil i ty was l i m it e d  by the proximi t y  of the L icking River, 
a desi g n  us ing a l ig ht we ight f i l l  was i nvestiga ted. 
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The l ightweight material is produced commer cially by the 
Elastizell Lightweight C oncrete Corporation of Dayton, Ohio. 
Two tests were made by D ivision oE Research to determine the 
long-te�m wet density of this material (55 pounds per cubic 
foot (88 0  kg/m3) ('rest 2 in Figure 29) ) .  1Uastizell 
Corpor ation bas reported that the lightweight material 
ha ving this wet density would have a compre ssive strength of 
between 260 and UOO pounds per square inch (1 . 79 and 2 . 76 
M Pa). A compressive strength of 200 poun ds per square inch 
(1. 3 8  MPa) was selected fo� design. Assuming a g-equal-zero 
analysis, half of this compressive strength would be 
equivalent to an undrained cohesion, cu, of 100 pounds per 
square inch (0. 69 Ill' a) . 
The wedge configuration shown in Figure 3 0  was used to 
analyze two conditions: 1) zero cohe sion and 2) cohesion of 
100 pounds per square inch (0. 69 Ml'a). The dri ving wedge 
(upper block) was estimated to weigh 24,902 kips {11 0 l'IN) 
and act over a distance of 18 4.7 feet (56. 3 m) . The 
res ist ing wedge was estimate.d to weigh 79, 260 kip s { 3 53 liN) 
and act o ver a dist ance of 265 feet (81 m) . The value of 
internal f riction along the f ailure surface was assumed to 
be 16 degrees. Any increase in the overall value of 
internal friction d ue to the addition of the lightweight 
fill was ignored. A uniform density of 125 pounds per cubic 
f oot (2, 002 kgjm3) was assumed fm: the embankment in the 
cal culation of the se block w eights. Replacements of 
portions of the driving wedge with varying lifts of 
lightweight fill red uced the driving force and increased the 
factor of safety. li llen the cohesion of the lightweight fill 
was ignored, the lightweight material wa s trea ted·as a 
cohesionless material with a !1' of 16 degrees. illten the 
compressive strength of lightweight fill w a s  considered, the 
Elastizell Concrete was treated a s  a cohesive soil with a 
cohesion of 100 pounds per square inch (0. 69 MPa) and a �· 
of 16 degrees. The co hesion of the lightweight fill only 
a cts a long a portion of the total failure surface, Table 9 
provides a summary of this procedure along w ith computed 
factors o f  safety. Figure 31 shows the va riation of safety 
factor as a function of fill thickness for the cohesionless 
and cohesive lightweight fill materials described above. 
CORRECTIVE MEASURES FOR WEDGE MODES OF FAILURE 
Figure 31 summar izes the fa ctors of safety obtained for 
different thicknesses of lightweight fill. Figure 31 shows 
tha t a cohesionless, lightweight fill. configura tion requires 
a thickness of at least 27 feet (B m )  to y ield a factor of 
safety of 1. 5. A l ift of a t  lea st 30 feet (9 m) should be 
used in design. In contrast, a cohesive, lightweight 
(Elastizell concre te) fill configuration requires a 
thickness of only 1 0  feet (3 m) to give the same factor of 
safety. Figure 3 2  details the proposed lightweight fill 
configurations. The cross sections for the left and 
centerline wedges were estimated from observed guardrail and 
slope indi cator movement. 
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RECCMMENDATIONS 
To st abilize the a p proach embankment a nd increase the 
safety factor to an acceptable limit, it is pro posed that 
the berm and lightweight fill configurations shown in 
Figures 25 and 32, respectively, be constructed. The berms 
should be constructed first to stabilize against the 
circular modes of failure shown in Figures 22, 23, a nd 24. 
Berms should be constructed of f ree-dr aining m aterials 
(sound limestone o r  a comparable material) having a minimum 
ra• of 30 degrees. If righ t-of-way limit ations permit, the 
berm left of center line should be constructe d with a 3:1 
slope from a 20-foot (6 - m )  bench at 635-foo t {19 4-m) 
elevation. If a free-draining m a  toarial is used, the use of 
the drainage blanket is optional. If a drainage blanKet is 
constructed, a 36-inch (0.9-m) blanket of No. 9 stone should 
be placed against existing slope below the 625-foot (19 0-m) 
elevation as shown in Figures 22 and 25. P rovisions should 
be made for drainage of the upper flat reaches of each berm. 
A collector system shoul d  be used to funnel all excess water 
to drainage pipes. water should be cnanneled int o existing 
p aved ditches. A perforated pipe should be placed in the 
trenches shown in Figures 22 and 2 5  at the toe of the left­
of-centerline cross section and backfilled with r ock or any 
other free-draining m aterial . The face of the berm along 
the river: should be protected with rip rap at least 2 feet 
(0.6 m) in thick.nes s. Thi s blanket should extend several 
feet upstream and downstream from the embankment area to 
minimize erosion. 
Sl o pe inclinometer wells at the site shou ld be fully 
p rotected du ring ins tallation of the berms. Data from these 
wells should con tinue to be taken to evaluate the short- and 
long-term effectiveness of the proposed be rm c onfiguration. 
The need for a partial chann el c hange to acco m oda te the 
pr oposed berm confi gur ation along the w e st side of the 
Lickin g River dur i ng peri ods of high flo w should be 
investigated. Debris piled in front of the old US-68 bridge 
should b e  cleared ,  This sh ould increase the hydraulic 
e fficiency of the river channel and reduce the e levation of 
the backwate r curve. 
U,pon completion 
inclinometer data 
of the 
sh ould be 
propo s e d  berms, s .L o pc� 
obtai n ed to evaluate 
effectiveness of newly c onstructed be rms . A decision should 
be made then on whether t o  proce ed with on e ot the 
lightwe ight till configurations proposed in Figure 32 to 
increa s e  the stabil ity of the embank me nt against the deep­
se at ed wedge fai lure shown in Figure 30. R e placement of a 
portion of the upper re ac hes of the a pproac h e mbankment with 
lightwe ight material will require cl osing the bridge and 
re r outing traffic over the old US-68 bridge . In a ddition, 
about 200 feet (60 m )  of the present roadbed would have to 
be removed and rebuilt after placeme nt of the l ightweight 
fill. The lightweight fill configut:ati ons (cohes.i::>nless or: 
coh e sive )  should h ave d imensions shown in F igdre 32 to 
insure a safety factor of 1.5. In both cases, the fill 
material should not have a density g reater than 55 pounds 
19 
20 
p er cubic foot (8 8 0  kg/m3) . Pr o vis io n s  s ho u ld �e m�de to 
i nc l ud e  temperat u r e  r e in f o rceme nt to p r even t excess ive 
c ra c k in g  i n  l ig h t we ight c on c r et e  f il l  (e.g. El a s ti zel l). 
F i n ally, measures s h o u l d  be taken to i ns ur e  that the 
l i g h t w e i g h t  fill is prop er l y  d r ained. 
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TABLE 1. lll\TER-TA BLE ELEVATIONS (IN FEET) 
DURING PERIOD OF MAY 1976 THROUGH 
FEBRUARY 1979 
IIA XH'l!IM 
AVERAGE 
ASS!JiiED PEAK 
HOLE 1 
589. 3 
583.0 
589 
NOTE: 1 foot = 0,30118 m 
HOLE 2 
5811. 6 
581.6 
588 
HOLE 3 
577. 3 
576. 3 
580 
HOLE II 
576 . 2  
576.2 
576 
T ABLE 2. SU!IIIARY 01" SLO PE INCLINOMETER DATA ,AS OF I"EBRUAllY 
1979 
f!OLE DEPTfl 
NUMBER (.FEET) 
1 11 
12 
59 
2 2 
1 8  
3 8  
3 111 
28 
34 
9 
2 1 
35 
N OTE: 1 foot = 
1 inch = 
IIII.X I llU !I 
DISPLACEMENT 
(INCf!E S) 
2. 4 
2. 8 
1. 0 
2. 8 
1. 9 
1. 3 
o. 55 
o. 30 
o. 28 
0. 62 
0.48 
o. 39 
0. 3048 m 
25.4 mm 
RATE 
( INCf!ES/liO NTfl) 
o. 055 
0.055 
o. 015 
0. 056 
0.030 
o. 020 
o. 003 
0. 020 
0,015 
0. 023 
0.010 
0. 006 
TillE P E!'IOO 
FOR RATE 
B/17 - 8/78 
8/17 - 8/78 
8/11 - B/78 
12 /77 - 6/78 
.. C/O 
TABLE 3 .  SUBKART OF IHDEX PROPERTIES 
SASPLE LIQUID 
HOLE DEPTH LIAIT 
BOBBER STATION (FEET) (PERCENT) 
221>48 15-11 39 
33' I.t 30-32 40 
60-62 37 
2 221+43 3 5-37 40 
981 Lt 50-52 40 
4 222+27 33-37 J7 
138' L t  40-42 34 
222+00 I'OUMDATION 36 
CENTER- (19 65, top 
LIM! of layer) 
!IOTE: 1 foot = ODJoqs m 
PLASTICITY 
INDEX 
(PERCENT) 
19 
19 
15 
20 
17 
14 
11 
13.6 
50ISTURE CLASSIFIC&TioB 
CONTENT LIQUIDITY 
(PERCENT) IRDEX DE SCRIPTION UBI PIED USB TO 
21.4 0.07 Gray Shale CL A-6(19 1 
19.8 -0.06 --- - CL A-6(19) 
17. 6 0.37 -- -- CL A-6(151 
---- ---- ---- CL A-6 I 161 
31.6 o. 51 Dark Brown Silty Clay CL A-6(18) 
---- - --- Dark Broun Silty Clay CL A-6(15) 
---- - - -- --- - CL A-6 (7) 
31. 2 o. 65 ---- CL A-6 (9) 
� 
TABLE �. SUMBARY OF S H EAR STRENGTH PROPERTIES 
PLASTICITY 
HOLE SAAPLE DEPTH II!DEX 
NUMBER STATION (FEET) (PERCE NT) 
221+ 43 15-17 19 
33' Lt 30-32 19 
60-62 15 
2 221+43 35-37 20 
98' Lt 50-52 11 
Foondation 221+60 so• 
center-
L ine 
q 222+27 33-37 14 
108' Lt 40-42 11 
Foundation 222+00 Profile 13.6 
(1965) 
' If= 44.7 - 12 Log(PI) � 3.67. (Ref 2) 
z Extrapo.lated froa clay (-0. 002 ma). 
> 11 = 68.2 - 30. 2 L og (CF, ll < 0.002). ( Ref 2) 
4 Direct Shear Test ... 
I§' 
( DEGREES) t 
33-26 
33-26 
36-31 
33-25 
34-26 
35-27 
36-29 
35-27 
5 Includes addit ion of 731 of eabankaent above ariginal depth 
of 5-7• in 1967. ' 
• Interpolated from clay between (-0.074 and -0.001 am). 
NOTE: 1 foo€ = 0.3048 m 
CLAY FRACTION 
(li<0.002ma) z 
29 
28.5 
34.0 
23.8 
19.0 
18 
1 9  
25.456 
RESIDUAL j!J 
DEGRUS 
(3) , . , 
24 13 
24. 3 16 
21.9 
26. 6 16.7 
29.6 15.6 
30. 3 
29.6 
25.7 
TRIAU&L 
c• 
( psf) 
610 
I§' 
(degrees) 
23 
TAB.LI! 5. ESTIIII\'US OF SHEAR STRENGTH FRO!I STII.HDARD PEHETRATIO!I 
TESTS; HOLE 4, STATION 222 + 27 , LEFT 108 FEET 
OVERllllRD E!l 
BLOW COURT PRESSURE 11' 
·uEPTII SOIL DESCRIPTION ll (TSI') (DEGREES) t 
33.5 Dark Broun Silty c:�ay 13 1.926 32 
36.5 Dark Brown Si�ty Clay 13 2.099 32 
",. 5 D ark Gray Clay 15 2.386 32 
lf6.5 Dark Gray Silty sand 12 2.674 30 
• Material tre ated as s and and De !lello' s l'lethod (21 used to 
est imate f1' from SPT Data. 
NOTE: 1 TSF = 0.0479 Pa 
T ll BLE 6. SUM�APY OF C IRC ULAR STABILITY ANALYSES ON LE FT-OF-
CENT ERLINE CROSS SE CTION (EFFECTIVE STRESS 
ANALYSES; �· = 230, c• = 0) ' 
FA CTORS OF SAFETY 
WITH BERMS AND 
IIJTH B ER�S RAPID DRAIIDOIIN BACKED-IN 
CIRCL E il IT HOU T f/J' 
Nil I!BER EERM 2: 1 3: 1 2:1 3:1 (DEGREES) 
1 0.897 1.381 1. 5 24 1.257 1.398 26.3 
2 0. 8 59 1,436 1, 520 1.357 1.445 27.0 
AV ERI\GE 26.7 
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TABLE 7. 
CIRCLE 
NUMBER 
1 
2 
3 
AVEUGE 
TABLE 8 .  
CIRCLE 
NUIIBER 
1 
2 
3 
4 
5 
AVERAGE 
26 
SUMMARY OF CIBCUL'B STABILITY ANA LYSES ON CENTER LINE 
CR OSS SECTION {EFFECTIVE ST'RESS ANALYS ES; Jl' = 230, c' 
= 0) 
FACTORS OF SAFETY 
RA.PID-DR All DOliN 
II ITH OUT 
BER!'IS BEU 1 BER !I 2 BERII 1 BER II 2 
0.861 0.956 0.947 0.806 0.821 
0. 911 1.030 1. 064 0.912 0.952 
0.897 1. 061 1. 419 1.061 1. 419 
Sllli!IA RY OF CIRCULAR STABILITY ANALYSES ON SKEIIED 
(EFFECT IVE STRESS li!IA LYSE S; fl' = 230, c' = 01 
WITHOUT 
BERMS BERII 1 
0.653 1. 0 30 
1. 056 1, 2112 
1.142 1. 1 42 
1.034 1.1111 
1.158 1.267 
FACTORS OF SAFE TY 
BERM 
o. 902 
1.286 
1. H2 
1. 19 1 
1. 30 3 
2 BI!Rl'l 3 
0.616 
1. 182 
1.479 
1. 133 
1. 279 
RAPID -DRAIIDOWN 
BERM 1 BERM 2 
0.868 0.789 
1.015 1. 071 
1.142 1. 142 
0.974 1. 015 
1.087 1.130 
BII.CKED-IN 
11' 
(DEGREES) 
26. 0 
2!!. 8 
211.0 
211.9 
CROSS SECTION 
BACKED- Ill 
fll' 
(DEGREES) 
26.3 
22.0 
22.0 
22.3 
22.0 
23.0 
TABLE 9. WEDGE ANALYSIS S UMMARY FOR COHESIVE, LOW-DENSITY FILL 
(ELASTIZELL CONCRETE) 
FILY. 91 WEDGE LENGTH ADJUST ED 
THICKNESS FAIL URE SURFACE II/COHESION COHESION! 
(FEET) (DEGREES) (FEET) (PCF )  
5 16 11 8 3800 
10 16 118 3800 
15 16 1 37 4400 
20 16 1 37 4400 
30 16 154 4900 
40 16 1 B 4. 7 5900 
50 Hi 184.7 5900 
tGiven: Total leng th of Failure surface = 449.7 feet 
Cohe sion of 100 psi = 1.44 X 10• psf 
FACTOR 
OF 
SAFETY" 
1. 450 
1. 494 
1. 557 
1 .  61 4 
1, 758 
1. 910 
2.012 
Adjusted Cohesion = (Length with cohesion/total length) 
X 1. 44 X 104 psf 
"SIIASE Program 
MOTE: 1 foot = O. 3048 Ill 
1 pound per cubic foot = 16. 0  kg/m3 
27 
211 
Figure 1, Aerial Photograph of US-68 Bridge over the 
Licking River, 
Right), 
Blue Licks (East is to the 
F igure 2 .  View of Displaced Guardrail, West End of Bridge 
over the Licking River o n  ns 68 (a) Looking East 
and(b) Looking West. 
29 
30 
Figure 3 .  Extreme Tilt of Rocker Ar ms and Jamming of 
Bridge Girders a gainst Concrete Ab�tment. 
Figure 4. Breakup of Concrete Expansion Dams on West 
Abut ment of OS-68 Bridge o ver the I;icking River. 
Figure 5. Voids and Cr acks in Soil along Face of West 
Abutment of US-68 Bridge over the Licking River-. 
31 
32 
Figure 6. Erosion of Toe along Downstre am Side of West 
Embankment, US-68 Bridge over the Lickin g River. 
Fi gure 7 .  Debr i s  in F r on t  of the Pier s of t he O l d  US -68 
Brid ge D ow n s t ream f rom Presen t B r id ge. 
33 
34 
ORDOVICIAN ( CINCINNATIAN ) 
O RDOVIC IAN ( CHAMPLAIN IAN ) 
D EVONIA N 
F ig ure B .  Geo l o g i c  M a p  S h o w i ng Location o f  S i t e  i n  t he 
oute r Bl uegr ass , Nort hern Ken t u c k y .  
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� "' ·� a <J) ,� ....:l ...:l 
Olg 
Clays Ferry Formation and 
Lexington Limestone 
* Ocf, tongue of Clays FelTY Fm·mation 
Olt, Tanglewood Limestone Membe,. 
* 01 m, Millet·sburg M em bet· 
Olg, Gt�er Limestone Member 
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F i g u re 9 .  Str a t i gr ap h i c  S e c t i on o f  G e ol o g y  
S ite . 
FORMATION, THICK-
MEMBER, LITHOLOGY NESS, 
AND BED IN FEET 
�· � 
• 
0 
" - -'G' 0 
u ! -� ro 
u 
L]fi ' 
Clays 
0 M Ferry � 
Formation = 
r_ 
=- = 
=-=c=.= 
i n  V icin i t y  o f  
35 
F I E L D  
0 
0 
+ 
J 
T O E  E R O S I O N  
H - 4  
H - 2  
Figur:e 10. Direct io n an d Re l a t i ve Magnitu<l es o f  Slope 
Incl inom et e r  Mov ement s ,  H o les 1 ,  2 ,  3, and 4. 
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650 
64 0 
630 
620 
610 
600 
590 
580 
570 
560 
050 
540 
650 
6 4 0  
630 
620 
610 
600 
590 
580 
570 
560 
550 
H O L E  I 
STAT I O N  
2 2 1  + 43 
3 3 '  LEFT 
R O C K  F I L L  
CLAY 
1111 
R O C K  
A N D  
CLAY 
F I L L  
Ill 
1 0  30 50 
WATER CONTENT 
(PERCENT) 
HARD 
LI-MESTONE 
DRK. GRAY 0 W = NATURAL 
( O i m )  n WATER CONTENT 
0 WL L I Q U I D  L I M I T  SOFT GRAY 
SHALE ( O c f l  � Wp• �NLtES: ' C I T Y  
HOLE 2 
S T A T I O N  
2 2 1  + 4 3  
9 8 '  L E F T  
1111 
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AND 
CLAY 
FILL 
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{ O i m l  
REC 3 3 °/6 
REC 96 °/o 
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1 0  30 50 
WAT E R  CONTENT 
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HOLE 3 
STATION 
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FILL 
1969 BORING 
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N I C H OLAS COUNTY 
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2.4 L 9 8 '  L E FT CENTERLINE 
. f DEFT I-FEET) 0 2 , " • " 
o.e 
0 20 40 60 80 1 0 0  
E L A PSED T I M E  IN DAYS F R O M  INITIAL R E A D I N G  5 / 1 1 / 7-6 
F i g ure 14. Slop e In cl inomet er Resu l t s ,  B o l e  2. 
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Q. w 
c 
RESULTANT MOVEMENT( INCHES) DIAL CHANGES x 1 0 1  
0 0.40 0.80 1 .20 1 .60 -20 0 20 4 0  60 
0 0 
1 - 18-79 � 1- 8 - 79 
20 S H E A R ZONE 20 
1 1 - 28 -7 7  
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- 4 0  
H O L E  -3 
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6 0  .... 60 
F ig u r e  1 5. Slope I n cli n ome t e r  R e s ult s ,  H o l e  3. 
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F i g u re 16. S l o p e  I n cl i n o m e t er R e s u l t s ,  H o l e  4. 
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CONSOLI DAT E D  UNDR A I N E D  T R I A X I AL FA I LU RE ENVELOPE 
N I C H O L A S  C OU N T Y  
M P 91-68 - B0 0 27 
S I N  cp • TAN a 
a • 2 1 " ct> = 2 3" 
c = b . 1 4 4  
cos <t> 
b = 3 .  9 
C = 6 1 0  P S F  
5 1 0  1 5  20 
STA. 2 21 + 6 0  
N O T E :  T E S T  P E R FO R M E D  1 9 67 
o S A M P L E  I 5 - 7  F E ET 
D. SA M P L E  2 9 - 1 1  F E E T  
'-'�� 
� �>-''-\)�� 
.... \ - '  
25 30 3 5  40 
0"' + "'  
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F i g u � e  1 7 .  Resu l t s  o f  C onso li d a t e d - Un drai n e d  T r i a x i a l  Test 
with Por e- P r ess u r e  M e a s ur e me n t s , 1 9 6 7 .  
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Figure 2 7 . centerli ne C ross section , Critical We d ge s. 
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Fig ure 29 . E f fect o f  S ubmergence on Density o f  Elast izell 
Lightwei ght Concrete, Sample N o .  2 .  
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Fi gure 31. summary of Factors of Sa fet y as a Function of 
Thi ck n es s  of Light weight Fill Material (Density 
of 5 5  Pounds per Cubic Foot {880 kgjm 3 ) ) .  
56 
60 
"" 
.... 
1 50 '  ---+------
0 0 
+ 0 
N "' 
I 
0 0 
+ 
"' 
N 
I 
r- - - - - - - - - - - -
t---- 1 5 0 '  ----1 
" 
" " " 
," 
_,/ " 
W E D G E  CENTE R L I N E  C R O S S  S E C T I O N  
2 2 0 '  ----�-i 
" / 
"' 
g 
,�-1 I 1 - I I " I I o: ' I �  I l "- J  
0: 
"' 
> 
0: 
"' z 
"" u 
-' 
' 
z 
0 
1-
u "' 
"' 
<I) <I) 0 
0: 
u 
1-
"-"' -' 
"' 
"' 
0 
"' 
3: 
liGHTWEIGHT FILl CONFIGU'RATIONS 
( BASED ON WEDGE A N A LYSE S ! 
US 6 8  N I C H OLAS C O U N T Y  
BRIDGE O V E R  L I C K I N G  R I V E R  
DESIGNS FOR 
FACTOR OF SAFETY = I . 5 
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Figure 32 . Proposed L i g htweight Fill confi gurations. 

